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1 Smogulecki’s life

Jan Mikolaj (Nicholas) Smogulecki (1610-1656)! was the eldest son of Maciej Smogulecki,
a reputed starosta (elder official). After the death of his father in 1617, Smogulecki was
sent to the University of Freiburg in Germany. At the age of 15 or 16, he published a
Latin tract with the title Sol illustratus ac propugnatus [24].

Smogulecki’s tract was cited by the mathematician and astronomer Christoph Scheiner
in his book Rosa Ursina (1626-1630). Scheiner was one of the first to observe sunspots
in 1611.

In 1628, Smogulecki was in Rome studying law and philosophy at the Jesuit University.
He also briefly studied in Padua in 1629. After having completed his philosophical studies,
he returned to Poland, probably in 1629. Smogulecki then became involved in politics,
in the footsteps of his father. In 1634, he was in charge of paying the army.

For an unknown reason, Smogulecki entered the convent of Cracow in 1636. He spent
two years in this convent and the following two years at the College of Saint Peter in
Cracow. In 1640, he returned to Rome in order to study at the Collegio Romano and
was probably ordinated in 1641 or 1642. In 1641, he requested to be sent on a mission.

In 1643, Smogulecki left Rome for Portugal and in 1644 he embarked on a boat for
China. He sent a letter from Java on January 2, 1645 in which he wrote that he had spent
ten months on sea without any stops. Smogulecki arrived in China at the very end of the
Ming dynasty and wrote about the suicide of its last Emperor, the Chongzhen Emperor
(1611-1644).

Smogulecki only reached China in 1646 and was assigned to Nanjing. It is at that
time that he took his Chinese name, “Mu ni g&” [12/EH].

At that time, Nanjing was still in the hands of the Ming loyalists, but it was soon
taken over by the Manchus. The church and the residence of the Jesuits were destroyed
by fire.

Smogulecki escaped being lynched as a Manchu supporter and eventually took position
in Fujian, where he stayed from 1647 to 1651. This was a very difficult period when the
southern provinces only little by little became conquered and pacified by the Manchus.

Smogulecki returned to Nanjing where he taught mathematics and came in touch
with his most distinguished disciple, Xue Fengzuo [EEBlFE, xueféngzuo|. Xue had come
to Nanjing on 11 January 1652.

In 1653, the Emperor called Smogulecki to the capital and granted Smogulecki per-
mission to go wherever he wished in China. Smogulecki had intended to go to Yunnan,
but never reached this province. In 1655 he was in Guangdong province and he died
shortly later, having spent several months in Hainan.

2 Smogulecki and Xue’s tables

Xue Fengzuo (1600-1680) was one of the scholars who “gained a profound knowledge
of both Chinese and Western (Jesuit) astronomical methods” [10, p. 370]. Before he
met Smogulecki, Xue Fengzuo studied traditional methods for the computation of the

IMost of the biographical information used here is taken from Kosibowiez’ note [12] and Witkowska’s
article [31].



calendar. When he came to Nanjing, he learned about European astronomy through
Smogulecki, and this led to his publication of several works which were going to relate
Chinese and Western astronomy.

Smogulecki and Xue’s first work in this direction was the Tianbu zhenyuan treatise
(1653). It contains in particular two tables of logarithms, one giving the logarithms of
numbers (Bili duishu biao |FLHIRIELFE]), and another giving the logarithms of trigono-
metrical functions (FLBIPUARETF ). These tables were edited by Xue, but the first version
was certainly by Smogulecki.

It is likely that Smogulecki first produced a table of logarithms of numbers, certainly
copying it from Vlacq’s Arithmetica logarithmica or another book, and that this table
was then adapted to Chinese by Xue Fengzuo. This table was apparently the first Chinese
table of logarithms. We describe this table in a separate document [18].

The Tianbu zhenyuan K EJR was itself included in the Lizue huitong &% &iH
published in 1664 [22].

3 Logarithms of trigonometric functions

The Tianbu zhenyuan KPP EJR (1653) contains a second table of logarithms giving the
logarithms of trigonometric functions to six decimal places after a short introduction.
The title of the table is HFIPU4RHT3 and it is the centesimal version of Smogulecki’s
FLB 4R 5% 2 From left to right, the table gives the logarithms of the cotangent (YI8R),
tangent (YJ1E), cosine (4£8%), and sine (4#R1F), all increased by 10. The headers must be
read from right to left. Each degree covers four pages and is divided centesimally. The
headers are to be used with the divisions on the right, and the complementary functions
are obtained by using the footers and the divisions on the left.

So, on the last page of the table (here appearing at the beginning), the values are,
from left to right, 10+ logcot 45° = 10, 10+ log tan 45° = 10, 10 4 log cos 45° = 9.849485,
and 1041log sin 45° = 9.849485. On the first page, we have 10+1log cot 0°.10 = 12.758122,
10 + logtan 0°.10 = 7.241878, 10 + logcos0°.10 = 9.999999, and 10 + logsin0°.10 =
7.241877.

All the values are written from right to left, and some digits are omitted when they
are repeated. How these digits are omitted depends on whether the function increases or
decreases. For instance, on the first page of the table, the value of log cot is not written
in full for 0°, but for 0°.30, because this column decreases when the angles increase. On
the other hand, the tangent increases, and the value is written in full on the first line.
Similar remarks apply to the sines and cosines.

We can also observe that the last page of each degree is more than half empty, and
this is very unusual. Almost every other table tries to optimize the layout on a page.
The title in the middle of each double page is F¥EMUAR (zhongfisixian).

Smogulecki and Xue’s table was printed with woodcuts, the main technique for print-
ing in China until the 19th century.?

2The HFIPUARHTF is reproduced in [32].
30n the history of xylography in China, see [6].




4 Xue’s transformations

In the table of logarithms of numbers, it is difficult to know exactly what Xue did. But in
the table of logarithms of trigonometric functions, we can clearly distinguish Smogulecki’s
work and Xue’s work. Indeed Xue Fengzuo wrote:

“I came to Nanjing in the Spring Day of the year renchen £/ (11 Jan. 1652)
and learnt trigonometry from Mr. Mu |Nige|. In addition, I also learnt from
him logarithm and the table of logarithms of the four trigonometric lines. ...
However, when I was engaged in the project of emendation and integration
recently, I found that, whereas the Chinese method was too scattered and
simple, the old [trigonometric| method was in sexagesimal system, both being
incompatible with each other. Therefore, I integrated them by converting
the sexagesimal system in both the eight* trigonometric lines and the related
books into centesimal system, so that the old and new, Chinese and Western
can be unified into one system, which might become a ladder for this study
[i.e. astronomy|.” [22]

It is therefore likely that Smogulecki brought a Western (sexagesimal) table, and per-
haps translated it into a sexagesimal Chinese table, and that Xue Fengzuo later adapted
the sexagesimal division into a centesimal one, by doing interpolations.

Shi Yunli writes moreover:

(...) Xue Fengzuo really revised these works in accordance with the centes-
imal system, and the Bili sizian xinbiao is actually an independent work by
himself, rather than by Smogulecki and him together as was believed before.
Mei Wending also observed that “the Bili sizian HFIIU%R (Proportions of the
Four Trigonometric Lines) was taught by Mr. Mu [Nige|”, while “Yifu [i.e. Xue
Fengzuo| compiled again the Sizian zinbili TUARFT A (New Proportions of
the Four Trigonometric Lines), which gives the values of the four trigonomet-
ric lines. He uses ‘degree’ in the same way [as Mu Nige does|, but divides one
degree into hundred minutes.” [22]

5 Accuracy of the tables

An examination of the table reveals that the values of the trigonometric lines are al-
most all correct for multiples of 0°.05. There are only a few deviations, for instance for
log cot 0°.05 = 13.059152 (instead of the correct 3), log cot 0°.40 = 12.156055 (instead of
the correct 6), log cot 0°.60 = 11.979955 (instead of the correct 6), etc.

This was of course to be expected, because 0°.05 = 3’ and this value can be found in a
sexagesimal table of logarithms. Vlacq’s 1628 table [30], for instance, gave the logarithms
of the trigonometric functions for every minute. The values in between, that is ¢+ 7 x 0.01

4The tables only give four trigonometric functions, but these eight lines probably refer to the six usual
lines, as well as the IE5% (versine) and Bk (coversine) functions, which can be obtained indirectly from
the values in the table.



where j is not a multiple of 5, are not found in a sexagesimal table giving the logarithms
every minute, or even every 10 seconds. These values therefore needed to be interpolated.

Indeed, it also appears that all these values are much less accurate than the first ones.
It is in fact easy to see that these values were computed by a mere linear interpolation.®
For instance, we have in the original table

10 + log sin 0°.10 = 7.241877 (1)
10 + logsin 0°.11 = 7.277095 (2)
10 + logsin 0°.12 = 7.312313 (3)
10 + log sin 0°.13 = 7.347531 (4)
(5)
(6)

10 + log sin 0°.14 = 7.382749 )
10 4 logsin 0°.15 = 7.417968 6
and
7.241877 + %(7.417968 — 7.241877) = 7.277095 (7)
7.241877 + %(7.417968 — 7.241877) = 7.312313 (8)

In this case, we have a perfect agreement with what is obtained by a linear interpo-
lation. In other cases, we may have a discrepancy on the last digit, but this discrepancy
can probably be explained by the use of more accurate values for the pivots (every 0°.05)
than those put in the table.

Angle | logsin log cot

0°.01 | 6.343346 | 13.421444
0°.02 | 6.492721 | 13.330871
0°.03 | 6.642096 | 13.240298
0°.04 | 6.791472 | 13.149725
0°.05 | 6.940847 | 13.059152
0°.06 | 7.000903 | 12.998946
0°.07 | 7.060959 | 12.938740
0°.08 | 7.121015 | 12.878534
0°.09 | 7.181071 | 12.818328
0°.10 | 7.241877 | 12.758122

Table 1: The first values of logsin and log cot in Smogulecki and Xue’s table.

A special case concerns the first values of the table, which starts with the angle 0°.01.
The values of the functions for 0°.01 = 36" are not found in common tables of logarithms.
In Smogulecki and Xue’s table, 10+ log cos 0°.01 was taken to be 10, but 10+ logsin 0°.01
and 10+ log tan 0°.01 were both taken to be 6.343346, and 10+ log cot 0°.01 was taken to

5Linear interpolation was well known and appears for instance as the Yingbuzu in the classical “Nine
chapters” [15, pp. 336-338].



be 13.421444 (see table 1). These three values are seriously wrong, but it is easy to see
that the values for 0°.02, 0°.03, and 0°.04 were obtained by linear interpolation between
the values for 0°.01 and 0°.05. This therefore raises the question of the source of the values
of the logarithms for 0°.01. It is likely that the values of logsin0°.01 and logtan 0°.01
were obtained by linear extrapolation between the values given in a sexagesimal table for
1" and 2'. Indeed, Vlacq’s 1636 table gives for instance 10 + logsin 1’ = 6.4637261 and
10 + logsin 2’ = 6.7647561, and

24
6.4637261 + (6.4637261 — 6.7647561) X 60 = 6.343314

which is very close to the value given by Xue (6.343346). The same remarks apply to
the computation of logtan 0°.01. But the first value of log cot was apparently not found
by such a linear interpolation and the question remains open. Moreover, no attempt was
made to derive the logarithms of the cotangents from those of the tangents, although we
have 10 + log cot x = 20 — (10 + log tan x).

The fact that Xue only used linear interpolation is somewhat surprising, as more
elaborate interpolation schemes were available, and as Xue is considered as having had a
deep knowledge of Chinese and Western astronomical methods, as we pointed out above.
At the beginning of the table (around 0°), the values of the logarithms vary a lot and a
linear interpolation produces four or five wrong digits for the logarithms of sines, tangents
and cotangents. At the end of the table (around 45°), these same functions vary very
little, and usually only the last digit of the value of the logarithm is wrong.

In addition to interpolation errors, there are also some last digit errors on pivot values,
perhaps due to errors in the original sources. There are also some typos: logcot 0°.30 is
for instance given as 12.280797, instead of the correct 12.280997.

6 Reconstruction

The reconstruction of the table is based on the published table [32]. We have tried to
build the table following systematic rules and the original table departs from our rules in
a few cases.
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Figure 1: Excerpt of Smogulecki and Xue’s original table of logarithms (from [32]).
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)

1%

A%

H—+ =

iﬂ%% ﬁUHZ %%%% %ﬁiE —
Ll O—lHH ONAEWAENN | HOO—t/\UL | ANEREZ/\JL | —
VAN AN i i — -ty +=7 Lt h -
+ | HO—H FjL/\H YIWAVAN =Nth =
| =HAM +IoHh OO\ £\ f s}
f | OO/ O0O_H —=t —= % B
g |\ 7S —“h=h a7575 H—O 75
= | 7~Jum MOAH Eap i JLILOIS +
— | == +HAE +_-h =)\—75 J\
— | —L—M JLOJ/\L ANG Lt R SVANVAY L
JLO | L=OW —/NLh oY= —Fh=7 O—
i IAVAVAN Pg——75 — = H=PU5N —
N H=1= VAVANSVAN e L—HS -
+ | —/\E= JL—07s o\ — EXOVAVA =
N L= —tAAN N RTAVAVAN s}
H| == =N LIWOO+t/\JL | Ot Bl
g | Py ——= AR AVA J\ETL WAV 7S
=l zZth= J\_0Ot O—JLu J\ZHN +
— 1o\ O/\—t — g\ —— 0t J\
— | AN === —tt LO—t JL
JNO | E—H " F/\H+ Mot JU\—t O
| =ZA=ZC £=5t HEAN —t=t —
N O——_ OfLtt VAYAYi! Nh=t -
+ | /\ROZ —ht L A=+t =
75 | 7SO — Lo\ yj R =_Ht s
H|=Ht— =)\ ON= NOStE Ea
g | —O7~— L=\ —N= Ot 7S
= | fuEpg— —HHA/\ —— =ttt +
—|th=— =0t/ =h— A VAG J\
— | E—— VAN :WAVAN g\ O ot L
+O | ZALOlEOO0— | J\OO H—ON/UJL | =Z0O/N o=
+H ZINne DGR R 4RO




Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)

@]ﬁ/% Pk ?Jﬁﬁﬁ JéﬁJ__E —p | H
| AES AAROZHAM | £/ i VA T IS
JU B N—ZZ= =7 ANE/\ =
+ | 0O=778 Ot== il — = |
7~ | s == =)\ LOOHR | AR
| AHZERN hER= Py — P OfLOH fil
| =t NZN= A= t—1 A
= | OZ0OR O/\NhL= JARS ol JANG S o) +
— | tAAE ==— o—= “W=R J\

— | i—tH H\ " —p— +=E L
O | EAREAMOO— | L= =to—+t/UL|—&% OH
J\I
AN
+
s
Zns V)ER ARIE BRER




Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)

1%

A%

VIER YJIE ARER A81E om
| =—/Us TN—==Tu/L | === h—Ha=—)\UL| —
AN NOYAVAVAS Om== +R= +OR= -
+ [ NORS oLy = —0= NILAS= =
N =ZR=0N LN = = m\t= VL
fi| OOZR OO\ = —t0 I oy AN f
g | SEHOS WAL= OO0/ | OFIL= 7N
o = AN ) +O—M L} JLEOM +
—|olth oyau Lt +t/\ =—/ J\
all AVAG il pg—po p ——/\ EaR—l L

=0 | =Z=Zm"*h AN Rl 7S+ =—= Ot
Ul O/NZh Ot —J\N —Omr —
| AT —H ISR AN LS| VANV Ju\ g -
+ | Zthig +t- 0% OfH* +-t A =
75 | O\ O/N—H F/\ EvavaYL| g
Sl e avaY L === O—IH =Rt fi
g | =—FP SAVLE T —Pg/\ P 7S
= | OR=0 Ol U\ = +
—|to=Ig =th )18 +—0Hh J\
— | ZHOW’™ +tEhf ANE HO—H L
—O|o00ONn= OO—7~ =10 =fl—h O\
Ll tlEt= e AR NZOht/\L | —/\Zh —
JU L= 7SOH7S vavil J\S=H -
+ [ —= NAEEAIN oAWAN SNEMEH =
N ENZ= =—t —=/\ PSSR g
f|W=—= VAVAVAVA AVaN" —=xE B
g —/UL= L—0t OO0t h—th 7S
= | N\ —t—t =75 +O/N\Hh -+
i s s o=+t JUNT P\ h J\
—|—z=5= Lt =0Hh YA il L
—O | J\IN=200— | =5t J\=PH)\EJL | LSO OJL
U ZINne DGR R 4RO




Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)

1%

A%

ﬁU ﬁUﬂZ %%%% %ﬁiE =
| th—= ZOo/Nt—hh|t—=E O_FHMMO/\IL | —
J\ | =HOo = thILt RN ——xm _
+ | L/U— ———/\ i) =0+t =
N H=t— AVANIVAN nL_h ftl VL
H| O/NE— O\ vavavll AVAVAVLY il
g | 75— Pg— ISR WAN =X)L J\t L 75
= Zt=— J\=t/\ — = YA ONil -+
I E=VAVAVAN I\t Or~—H J\
— | Z~ 10 £=0h H—_ —H_-H L
=0 | LO/NO —JL—L B ==1 Ot
Ju | FERO APO=7 JAVANG) O =pg —
J\| OOHRO OOFHN AN_OR/JUL | AZHEA -
+ | A=0 IiEivavil =vavi! +t—~H =
N | ZHh—0 JNOJ\IL OO JINOE o
| A=00/NO0— | /UL +=/\ ulth Bal
N R YAVAY) AN——O L | WEt OfL\H VAN
=1 0=t Ot—=0O —L — /LA +
“|AtHN LZPMHO JAVLEDA —tOR J\
— | —— O NtHO HI\E VARV L
e} I svauuy)} ==+0 i) PFH 75 SJAN
| =——h +/UNO J\EIY FIU=5 —
J\U | FLEFSUN —p0O— A= avLiay -
+ [ O\ hh—— == +=FH =
N —EAN L =— yiau J\—7575 I
| B/ =0h— 1O LOLE7S Bl
g | ==\ +HhHS— —g— OIOYAVA 7N
= /U\—/\ ——)\— tO OJLI\IS +
— | =0/ AYAY e AN—OHR/JUL | —/ULs J\
— |1 O/U\t oO—_—_ —Hh —tOo+t U
—O | A" -ttto0o— | Wt AWAVAVLVAVAY I il VA OJL
Oh Pk DIaR 4R 4RO




Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)

1%

A%

| o

VIER YJ1E ARER ARIE =
| =750 JUN=ZRHIENIL | ——= OOt/\HtI|—
JU | —H A HA JANG JLOJUN -
+ [ U\ ——+tH HO— aSmiWAN =
AN AN L e A —H— W—oh s}
| EAAE ==Z0 LILO —=—h B
g | 7SO/N= PUL—os AUO=—Ju/L | O} 7N
= | mER= AN AR =L J\IO =71, +
— | =E\E= +t—AN L=h SNEEAL J\
—|zz=== A VAV VAVAVAN 7S HIL L

O | —7/v—= =J)\S ==/)\ e vl oO—
| O00= OO0t OJ/\t O\t —
JU =T —n—t Nt + /UL -
+ [ /R =t =t hfuiuu =
N R =/\b+t O =O0—ORth |
f| AAHEET rgph st VAVAYl ——_0 f
| Aji—= FHO/N\E =—* J\—=0 7S
= |m=0= AVAVIR S NP0 +
— | =k £=—/\ 7SO ==HO J\
— | Z—+t— JULZ\ =H= —H750 s

JNO | —HH— AN AN L= J\+0O O
| Oh=— O—75/\ 750 A%WANG) —
U Z=— —tt/\ N =750 -
+ | J\SO— — =R\ =— OtO— =
~ | OO =10OM EiWANG) Nt—— s
H | AEAEO A, —=OZ—uL | i\ Z— Ea
g | 75/\HO o —pu J\ETL “h=E— 7S
= [ HZWO HtHS = OO0Of— -+
— | g0 ~N=th —+t/\ +OR— J\
— | Z0—0H—0— | /UL +—/\ g—+— L

O | Zmhhl—0— | tROOHR/\L | Z/”t——L | —Z/\— 0=

YA, ZINne DR R NS




Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)

tﬂ%% ﬁUﬂE %§g§ %%ﬂi m= | HH

| EEAE HIMOW=/\UL | O/\K AZO—hth|— |3
J\| ZhtE JLO M JNZH, N -

£ | hZ~hE —+£= £t/\ £ = — = i
s oy oKl ==fm L=\ NE=— | 48
L {HO=% avivayL| =ttt JLs i — Gl

| —ib—=x AR WANLY ——t O/\fi— 75

= | Lt ——Ofh VIWAVAN — +

— | x—/\Ig /\—1h +—% —OJ/\— J\

— | =5 U=+ VAVAY! ——h— U
NO | —ub JLOA A —+ =-0= O

A AN L —tih Ay Lt =—= —

JU | R— h=/\% O—m™ popg — -

+ | =00 Ttk A= hh=—" =

7~ | O\ = O7S—7N RO= VAVAYL I oy

I | /\tER= =08 A~ NthR Bl

m| f—h= EIWAVLEAN —0= + /N 7N

= | =h== £ I7575 Ofi— +tht= +
—|Oh—= O—/J\S J\ULO +tONL=

— | /\Z0= —thA ANEON—IL | N—0=
FHO | AN =—+t oL NZ—=

| Z0t= +th=t —gh P —— )
| —mHE= REME IWAVAN A== - |T
|tz =k £ AEML= = |
a¥l V2 G £t /L NAR= I
H|HAEO ™ ALy == A= il

I e WA JLO—/\ —J\S LI\E= 7~

=1 0=%t— Ot=/\ LN U\ = +

— | A ==p\ Nt JLOOM J\

— | HOW— HAAN o F JL——H !

mo | ZlH ——Rx—0— | tat/\ —Ea—h | ==l O

Pk VIBR ARIE AR ER




Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)

o+ H

iﬂ%% ﬁUHZ %%%% %EIE =
Ju| =H—mg +tH/NHE -t | BN “Ht—tSR| —
JU| ONTL= OMEO7S IEEIWAN P\ — -
+ [ ttt= =8 o—/\ +=0_ =
N AREAR=E HOMEIS g+t ht—= |
| ——= JUNTLS == — == fi
| h_-—= —tt5 =N g 75— 7N
= | tHOo= =HhN —HN NONT +
i 1 AN N=—t VAN A+ — J\
— | ZJ\N N—=+t —th O\ Z L
O | JulklE= —Oht —= —=0= Oo—
lt—== =)\t — L t—= —
J\ =—_ AVAYAGS O A N -
+ | ZHNL— J\HO/\ O—mHM +HIO= =
N | Ott— O=_)\ S = NLAh= |
S AVAG it — P\ N == —gt= f
g OME— FIAEI/N JU\Z =JU\= 7S
= | === +ttt/\ + g m—Oom +
— | —Ho— LA +O0— 7578 J\
— | FLA/NO —EH—7 AVt +O =/ L
O | tt~0O =—=h fho— JANAYris g O
JU| ELEO HOEN f/\O oAl —
N =—= /ST o — =+ -
+ | —=—0t=0— | fu/x/UL =0O0hMlfLAL | =€/ =
75 | LU —HOOZ=tH | =7 =—0Hh |
f | BRI ===0 iy hE—H B
IS AVAN i) Pg—PH O — U\ SNILZh 7S
= [ HOMWm NILEO —Pg/\ = -+
sy \t+tO OO\ +ttHh J\
— | —HO JLEILO LEE N—tH L
+O | LB/ ZO0— | —H—— J\—LtMiEui | L/ \4 o=
—75 ﬁUﬂE ﬁU@ %ﬁﬂi %ﬁ%%




Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)

tﬂ%% ﬁUﬂE %%%% %%iE m= | A
| =% AENHESA | AL SRAN—FA|— |3
JU Z 2 J\-EOH — s — Py -
| o—tm ON—H O S = |
Al DAGE —\lE okt ALOR | AR
| A—= I PAVAS =" =—"F% Gl
oy | pg——py ~JUVE HOH — =T 7
= z—h= JUNOAS — 4y NERA +
= ——t= FLNZAS AE ANk i) AN
— | hOo&R= — LIS ey =RNE L
~O [ JNO== Y AV J\IS= O7R0O7s o

| R0—= I IWAWAN === =N —

N | Hor= Lot = L= -

+ | mot= av s S — AN =

ayl ek J\LE -+ == AN AN |

| —0== LAt Fih— FINAVA i)

| oo—= OOt —7K— —70+t N

= | U= —0—/\ R N—=—+ +

— | JULs— —0=/\ ~.0 A=+ N\

— | £ — =Z0H/\ +HO —xH+ L

o | ~sh=— mo-+/\ SZOREL| £ttt Of

h | Hho— EOyIWA VAV =Nt — |
JU | o RO—T U HAL FFEON - | T
+ | mhso RO=H H—A o = |7
7 | ZAmo +OoFH A EIAVAY “AEN s

| =h=o JNO+tH OF/\ JNFEFI\ i)

m| —hoom=0— | /N0l fi—/\ g —+/\ 7N

= | = HLO—ORAMN | —/\E JIWAVAVAN +

— | —hah FO=0 AL Ew FHOA A

— | — Ll HOHO ——t —— L

mo | oh=Hh==0—| 0—+0 HERNESI | SANER O

Pl DIz AR IE ARBR




Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)

iﬂ%% ﬁUﬂE %§g§ &%ﬂi -
| A== HEEARESIL | == NtEEEONIL | —
J\ | —HO= AN DI OOO—/S/UL | ULt -
£ | A/ NH—+t avavil O——/\ =
N | ST NA=t —=7 OJL=J\ VY
| N\=0= —“NEHE JULA — 7500/ #
| === +5tt EIWAVAN E=VAVA N
= | hz=o= —tt —=/\ ENGYAVAN +
| oA~ ft—/\ J\t =t J\
— | —=5— E=ZN g7t =p—h L
O|t—l—H=0—|=Z/\FH/\ O=tONNLIL | =—= OHA
VAVAY
Y1k VIBR ARIE AR ER

i

~—+H




Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)

1%

A%

E+

iﬂ%% ﬁUHZ %%%% %ﬁiE 7N
i WAVAV il ——OW;ON | ZO—FhuL | A———ARO | —
JU| AZ=H g+ 75 P L LN t— -
+ | =755 == AYAN — g =
75 [ OO SNIULR +t =t0o= |
f| A== ETAVAVAN J\S m—+t= fi
IS BAVApZANE —=+ LR =t=m 7N
=lhzZo= —tht —H — Ok +
I JLZ75)\ —m Ot/h J\
— [ t—tO =)\ == NN L
=0 | Z/R00=1L0— | J\=JLL vy — VAW AN Ot
JU [ JNOTEIL “NAAEOLON | E— +ORt —
JU L 7SEEN popg —— NOOtLL | ORI\ -
+ | MO—/\ NILN— + =wWAVAN =
S| =Rt +tH— JUN A=FHAL |
il IO VAVA +th—= it ~Nt—OtOoh | R
g | WaE—75 S\ = Ot 7—/\O 7N
= | NORHE U9 g Y —75 hAHPY— +
B I SWAN L ——1 —H =0= J\
— | =—=™ +/\tH =g O=t_ L
EON WAVAE = =N g = AV St OJ\
p T Lt s e NtOo+t i —QOOI —
JU ONZZ O—_t+t 7N 7N=75 -
+ | J\=75— —~n=/\ S ACYIVAVIVIVIN I AN ) =
Y Bavivine; Moo JUL —Ohh |
f | SAE=Z0ZL0— | [N JAWAN ==HA B
| s—tJL )\ —O/\OJL | O\ ="t 7
= [ /\ O ——hO —+t =ttt -+
— | ompm/\ ONRA— —75 — g\ J\
— | Z0/\& +th—= i FLEOTL L
—O | tAR—t—hLOo— | ==/ EYVAVAwIVIWIN ae wavil OJL
=)\ iﬂIE ﬁU@f %ﬁﬂi %ﬁ%%




Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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Smogulecki and Xue’s table of trigonometrical logarithms (reconstruction, D. Roegel, 2011)
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